Abstract: This paper examines the relationships between an individual's self-reported connection to nature (CTN) and aspects of their personal well-being (PWB) and environmental awareness. Specifically, it addresses (i) the relationship between CTN and PWB; (ii) the external variables which influence trait-level CTN over a person's life course and (iii) how individuals feel about CTN. A mixed methodology is used, with qualitative data adding depth and insight into the statistical associations recorded. The results are drawn from a sample of 222 respondents living in the City of Bath, UK. This study uncovered a significant relationship between CTN and some aspects of PWB which did not always align with research undertaken in other countries. Demographic variables, childhood experiences of nature, usual frequency of nature contact, and nature-related hobbies were all found to affect CTN. A number of barriers to CTN were also identified. Although the literature already provides considerable evidence of positive relationships between contact with nature and a range of mental and physical health benefits, the nature and mechanisms behind these relationships are not well understood, particularly for the UK population. As these associations are increasingly being used to underpin both health and environmental interventions and campaigns it is important that we better understand these relationships.
Introduction
There is a growing body of research that points to the positive relationships between connection to, and contact with, nature and a range of mental and physical health benefits (e.g., [1] [2] [3] [4] ). Exposure to nature has frequently been linked to reductions in stress [5] [6] [7] [8] , improvements in mood and alleviation of symptoms of depression [9] [10] [11] . People who feel more connected to nature may be more likely to spend time outdoors in nature and, in turn, gain associated health benefits [12, 13] . There is also evidence that feeling connected to nature is linked to greater subjective personal well-being (PWB) [14] [15] [16] and constructive personality traits including conscientiousness, agreeableness, and openness to experience [13, 17] . People who feel more connected to nature are also much more likely to exhibit pro-environmental attitudes and behaviors (PEAB) [13, 14, 17] , and have heightened concern about human impacts on the environment [12] . They are also more likely to identify as an environmentalist or belong to an environmental group [14, 17] .
Public health and environmental interventions are already happening based on the assumption that if connection to nature (CTN) can be increased in both intensity and reach, then positive health and environmental benefits will follow. Examples include the prescribing of so called 'green prescriptions' [18] that, in New Zealand, parts of Australia, the United States and now the UK, encourage patients to take part in 'outdoor activities' as a treatment for a range of mental and physical conditions. Several leading conservation charities have also established high profile campaigns to reconnect people with nature (e.g., [19, 20] ).
An in-depth understanding of the detailed relationships between CTN, PWB and PEAB is, however, lacking with published results from empirical research inconsistent. Different authors often use different methods, indicators and metrics. See Ives et al. [21] for a comprehensive review. Qualitative analysis of the relationship between CTN and PWB is particularly lacking. If we are to design effective interventions, it is essential we better understand these relationships.
The main aim of this work is to further our understanding of the complex relationship between connection to nature (CTN), personal well-being (PWB) and pro-environmental attitudes and behaviors (PEAB). It uses a mixed method approach to add depth and richness to quantitative data, helping also to reveal the mechanisms behind the correlations, and aims to help bring these separate groups of research together. This study is intended to guide future research, to help shape more effective intervention campaigns and promotional messages.
Definitions
The concept of 'nature' is a contested one in the literature and subjective for many individuals. For some it refers to all animals, plants, physical features and processes of the Earth that are not created by humans, whilst for others it may include features that were designed by humans but comprise substantial natural elements, such as parks and gardens. In this study the authors were not interested in individual's understanding or classification of nature per se, but rather how connected they feel to their own definition of nature, and how that affects well-being. Participants were therefore not provided with a specific definition of nature, as this would have restricted or influenced their CTN responses.
All humans are connected to nature in the sense that we are part of nature and depend upon it for survival. However, the term 'connection to nature' (CTN) is used here to refer to a subjective sense of physical, cognitive, emotional, or spiritual connectedness with the natural world. It is a measurable, trait-like construct, that is thought to be "relatively stable over time and across situations, though not completely fixed" [16] (p. 718). 'Nature contact' refers only to physical contact with the natural outdoors and does not assume a psychological element. The experience could be positive, negative or neutral.
'Personal well-being' (PWB) refers to how individuals evaluate their own lives from a hedonic (pleasure-seeking) perspective. It typically comprises an affective component (the extent to which a person experiences positive moods over negative moods) and an evaluative component (the extent to which a person feels satisfied with their life) [22, 23] . The UK government's standard measures of PWB also include a eudemonic component (the extent to which a person feels a sense of meaning, worth, or purpose in life) [24] . In this paper, the term PWB will refer to a combination of affective, evaluative, and eudemonic aspects [22] [23] [24] [25] . Like CTN, PWB is relatively stable. Though changes can occur over time, it does not tend to fluctuate with current mood [26] .
Measuring Connection to Nature (CTN)
Much of the recent research surrounding CTN stem from Wilson's 'Biophilia Hypothesis' [27] , which proposes an innate human affinity for the natural world that is inextricably linked to well-being. Kellert [28] claims that despite being universally inborn, cultural influences and life experiences can shape biophilia. Similarly, Orr [29] believes that biophilia is initially cultivated in childhood, but only as a result of diverse positive experiences of nature. In order to investigate theories arising from the 'Biophilia Hypothesis', several quantitative measures of CTN have been devised. Those most frequently used are summarized in Table 1 . Participants select one of seven pairs of overlapping circles labelled 'self' and 'nature', that best describes their relationship with the natural environment.
Very abstract, assumes participants can form a conceptual image of their relationship with nature in their mind [12] .
Connectedness to Nature scale (CNS) Mayer and Frantz, 2004 [12] Designed to measure individuals' emotional connection to the natural world, using 14 statements and a 5-point Likert scale
Measures cognitive beliefs rather than emotional connection. Self-referential wording of the statements could account for correlation with other positive scale measures such as well-being or environmentalism [31] .
Nisbet, Zelenski and Murphy, 2009 [14] Attempts to assess cognitive and emotional connection, plus desire for, and familiarity with, physical connection with nature. Uses 21 statements and a 5-point Likert scale.
Encompasses most elements of CTN. Divided into: NR-Self-internalized thoughts and feelings relating to one's personal relationship with nature; NR-Perspective-an external nature-related worldview and understanding of human impacts on nature; NR-Experience-a familiarity with and a desire for physical connection with the natural world.
Connection to Nature (CTN) and Personal Well-Being (PWB)
Although the literature consistently reports a relationship between measures of CTN and various indicators of PWB, the results are inconsistent. Mayer and Frantz [12] , for example, found a small, yet significant positive correlation between the CNS and life satisfaction (n = 135, r = 0.20). They did not measure other aspects of PWB. Cervinka, Roderer and Hefler [13] , who later tested the CNS against several measures of well-being, were unable to replicate Mayer and Frantz' findings with regards to life satisfaction. They also found no correlation with current mood. The CNS did, however, moderately correlate with having a sense of purpose in life in their study (n = 115, r = 0.27).
Nisbet, Zelenski and Murphy [14] found their NR scale was significantly correlated with purpose in life (n = 184, r = 0.19) and positive affect (n = 184, r = 0.29), but correlated with negative moods and life satisfaction only after controlling for other measures of environmentalism. Further studies by Zelenski and Nisbet [15] revealed that a short six-item version of the NR scale (NR-6) was distinctly associated with various measures of hedonic and eudemonic PWB, before and after controlling for other subjective connections (n = 415, r = 0.29, partial r = 0.22). The other connections were tested using the same principle as Schultz' [30] but found that indicators of negative affect and depression were not found to be related to CTN. They speculate that CTN may boost positive moods rather than protect against negative moods. In a second separate study, NR-Self and NR-Experience correlated with positive affect (both n = 204; r = 0.19), but NR-Perspective did not. In fact, NR-Perspective was negatively associated with happiness (r = −0.14) and life satisfaction (r = −0.22) [15] , which was assumed to be the result of pessimism caused by strong environmental attitudes.
Capaldi, Dopko and Zelenski [26] conducted a meta-analysis of 30 studies on CTN and happiness and concluded that, in general, people who feel more connected to nature are happier, though they found considerable variation across the measures, with correlation coefficients ranging from −0.01 to 0.42. The strongest associations were between positive affect, life satisfaction, and INS. However, this contradicts Tam [17] , who in a convergence study, found INS was consistently the weakest measure, and NR frequently the strongest. Neither study included eudemonic measures of PWB.
Connection to Nature and Personal Traits
The impacts of demographic variables on CTN measures are underexplored in the literature, despite their potential to improve understanding of the basis of CTN and improve the targeting of CTN interventions. The results which do exist are once again inconsistent. For example, Mayer and Frantz [12] found no link between CNS scores and gender, age, childhood residence, or income. However, they report that scores did differ with education level in one of four studies (those with degrees felt more connected to nature than those without). In direct contrast, Cervinka, Roderer and Hefler [13] , found CNS scores differed with gender (females felt more connected) and age (connection increased with age), but not with education level.
Klassen [32] investigated differences in CTN between urban (n = 42) and rural (n = 50) youths and found there was no relationship between residence and CNS scores. However, ten follow-up interviews revealed that rural youths were able to describe their connection with nature in much more depth and vivid detail than the urban participants, suggesting that a quantitative CNS score does not capture the full scope of CTN.
Connection to Nature and Nature Contact
Several studies provide evidence for Orr's theory [29] that the seeds of biophilia are planted through positive nature experiences (contact) during childhood. For example, Ward Thompson, Aspinall and Montarzino [33] found that childhood visits to woodlands and green spaces could partly predict subsequent adult visits, with the relationship strongest for those that rarely visited them. Other factors including gender and distance from home were also important.
Tam [17] found that frequency of childhood nature contact was significantly correlated with nine measures of CTN, although his use of a single-item question ("I spent a lot of time in nature during my childhood") as his metric for contact may reduce its validity. Nisbet, Zelenski and Murphy [16] also demonstrated moderate and significant correlation between NR scores and current frequency of time spent outdoors (n = 145, r = 0.25), and stronger correlation with current frequency of time spent in nature (n = 145, r = 0.30).
Connection to Nature and Pet Ownership
Nisbet, Zelenski and Murphy [16] found that, on average, pet owners felt more connected to nature than those who did not own pets (no pets n = 72, m = 3.15 out of 5; pets n = 111, m = 3.37).
Causal Links
Although each of the above studies report on a correlation between CTN and PWB, there is very little evidence for causation or the possibility that a third variable (e.g., nature contact) is causing changes in both (bivariate analysis). Another common limitation is the fact that measuring CTN and PWB relies on self-reporting. Although this is a popular method of data collection, it can introduce bias in the form of choice of scale (e.g., unipolar or bipolar, labelled or numerical), inaccurate recall, influence of current mood states, the placement of items in a questionnaire (i.e., earlier items influencing answers to later items), or concerns over confidentiality [34] .
This Study
This study uses a mixed method approach to explore three specific questions; Q1 What is the relationship between individual's self-reported CTN and PWB? CTN is measured using the Nature Relatedness scale (NR), as it covers the greatest number of CTN dimensions and can be broken down into components. This allows an exploration of how individual aspects of CTN are linked to individual aspects of PWB and helps explain some of the inconsistencies reported in the literature. The NR scale demonstrates validity and reliability in its capacity to predict PEABs [16, 17] . This study extends previous research by also assessing the relationship in a qualitative manner. By gathering opinions on CTN as a contributor to PWB, it is able to explore the mechanisms behind the relationship, and other factors that may affect the relationship. Finally, correlation between CTN and PWB is compared with nature contact and PWB, to explore whether CTN has unique implications above and beyond contact.
Q2 Which external variables may influence trait-level CTN over the life course?
Assuming the 'Biophilia Hypothesis' [27] , consideration is given to factors that may influence CTN over a person's lifetime. Previous evidence suggests a link between childhood experiences and CTN, and usual frequency of nature contact and CTN. This is explored in more detail, taking into account qualitative responses, and nature-related activities or hobbies. Variance in NR scores across demographic variables are also considered, as this has been lacking in previous research. 
Methods
This study used a combination of quantitative and qualitative data obtained simultaneously through online surveys. Quantitative data was used to test correlation between CTN and PWB, and with a range of variables with the potential to alter trait-levels of CTN (based on published literature). Qualitative data was used to provide a deeper understanding of some of these relationships, including possible causational mechanisms, and insight into people's awareness of, and desire for CTN, including barriers to connection. Surveys were administered using the Bristol Online Survey (BOS) survey tool. The questionnaire included a mix of single response, multiple response, Likert scale, and free-text questions (see Supplementary Materials).
The study was undertaken in a small, well-defined geographic area (the City of Bath) to minimize confounding variables such as participants' usual proximity to nature, and the quality and types of nature nearby. Participants were recruited using a non-random, non-representative convenience networking method, primarily utilizing local Facebook groups and email. Roberts [35] describes the strengths and weaknesses of sampling through online networking thusly: samples tend to under-represent those with limited finances and the elderly. Although they may have limited external validity, the method is suitable for exploratory research, it is also quick and easy to undertake compared to other methods, and allows for easy snowball sampling by 'sharing' posts or forwarding emails. The sample was not intended to be representative of the City of Bath, rather to provide hypotheses and focused suggestions for future research.
The survey was open from the end of June until the end of July 2017. Two hundred and twenty-two people completed the online questionnaire. Most respondents were female (70.3%), and identified as 'white, British' (88.6%). The most frequent age range was 35-44 years old (24.0%), though 25-34 and 45-54 age ranges were very close (22.2% and 23.5% respectively). Most respondents were in paid employment or self-employed (72.0%) and reported their highest level of education as undergraduate (52.3%), followed by postgraduate (29.7%). Most lived in the suburbs of a city or town (52.1%), or in the city center (27.2%).
Quantitative data were analyzed using SPSS Statistics v.24 [36] . Shapiro-Wilk tests revealed the data was not normally distributed, so correlation coefficients were calculated using Spearman's rho. Qualitative data were analyzed manually using conventional content analysis. Coding themes were derived directly from the data, which is common practice when existing literature on the topic is limited [37] .
Results:
The Relationship between Individual's Self-Reported Connection to Nature (CTN) and Personal Well-Being (PWB)
Nature Relatedness
Nature relatedness (NR) scores range from one to five, with five representing the strongest CTN. The mean NR score in this study was 4.04 (n = 222). NR scores were divided into the three components: NR-Self-internalized thoughts and feelings relating to one's personal relationship with nature; NR-Perspective-an external nature-related worldview and understanding of human impacts on nature; and NR-Experience-a familiarity with and a desire for physical connection with the natural world. Of the three, NR-Perspective had the highest mean (m = 4.13) and also the lowest amount of variation (sd = 0.57). NR-Experience had the lowest mean (m = 3.97). This is detailed in Table 2 . 
Personal Well-Being
Individual indicators of PWB were measured on a scale of 0-10. Higher scores are associated with greater well-being, with the exception of anxiety, where lower scores reflect greater well-being. The mean scores for each PWB indicator are detailed in Table 3 below. NR scores correlated with just one of the PWB indicators: "feeling that the things you do in life are worthwhile". The correlation was small, but significant (r = 0.13, p < 0.05). NR was not found to be associated with life satisfaction, happiness, or anxiety.
To determine which aspect of CTN was most linked to feeling worthwhile (Table 4) , the three NR components were examined. Only NR-Self was significantly correlated with feeling worthwhile (r = 0.17, p < 0.01) and the relationship was slightly stronger and more significant than that of overall NR. 
Nature Contact and Personal Well-Being
There was a small but significant correlation between usual frequency of nature contact and two of the PWB indicators: worthwhile and happiness. Life satisfaction was also very close to being significantly correlated. The frequency of engagement in nature-related hobbies also correlated with feeling worthwhile and happy, and the effect was stronger than that of nature contact. Recent nature contact was not associated with PWB. None of the measures were associated with anxiety. Table 5 below provides details. Note: * Correlation is significant at the 0.05 level (2-tailed) ** Correlation is significant at the 0.01 level (2-tailed).
All 156 respondents who provided a free-text answer described at least one positive link between CTN and PWB. Thirty-one described general improvements in well-being and 120 described one or more specific positive effects ( Figure 1 ). There was a small but significant correlation between usual frequency of nature contact and two of the PWB indicators: worthwhile and happiness. Life satisfaction was also very close to being significantly correlated. The frequency of engagement in nature-related hobbies also correlated with feeling worthwhile and happy, and the effect was stronger than that of nature contact. Recent nature contact was not associated with PWB. None of the measures were associated with anxiety. Table 5 below provides details. Note: * Correlation is significant at the 0.05 level (2-tailed) ** Correlation is significant at the 0.01 level (2-tailed).
All 156 respondents who provided a free-text answer described at least one positive link between CTN and PWB. Thirty-one described general improvements in well-being and 120 described one or more specific positive effects ( Figure 1 ). Seventy-six respondents provided free text comments describing nature-related activities they believed increase PWB. The three most frequently mentioned related to; generally spending time in nature (25%), appreciating the wonder or beauty of nature (22.4%), and walking or hiking (18.4%) (Figure 2) . Eighty-five respondents described the mechanisms by which CTN or nature contact might affect PWB. The majority of responses related to the following themes:
• Escape from modern life e.g., "disconnect from city life"; "not having messages of consumerism rammed dwn[sic] our throat", "time away from electronic media" Seventy-six respondents provided free text comments describing nature-related activities they believed increase PWB. The three most frequently mentioned related to; generally spending time in nature (25%), appreciating the wonder or beauty of nature (22.4%), and walking or hiking (18.4%) (Figure 2) . Eighty-five respondents described the mechanisms by which CTN or nature contact might affect PWB. The majority of responses related to the following themes:
• Escape from modern life e.g., "disconnect from city life"; "not having messages of consumerism rammed dwn[sic] our throat", "time away from electronic media" • Time for reflection or meditation e.g., "it gives you time to clear your mind"; "there is a medatitive[sic] experience in being alone with nature"; "time to reflect" • Fresh air e.g., "breathing in fresh air makes people happier"; "better air quality" • Peace and quiet e.g., "tranquility"; "being somewhere quiet where things are calmer also helps reduce stress-levles[sic]"; "stillness and peace" • Spirituality e.g., "tremendous spiritual energy"; "get in touch with a deeper reality" • Sunlight e.g., "natural sunlight"; "exposure to natural light"
One hundred and twenty-six respondents answered a second free-text question about the importance of CTN in comparison to other factors that may improve PWB (e.g., diet, exercise, work life, social life). Only one person felt it was unimportant and a further five felt it only played a minor role. The relative importance the remaining 122 respondents placed on CTN is represented in Figure 3 . • Time for reflection or meditation e.g., "it gives you time to clear your mind"; "there is a medatitive[sic] experience in being alone with nature"; "time to reflect" • Fresh air e.g., "breathing in fresh air makes people happier"; "better air quality" • Peace and quiet e.g., "tranquility"; "being somewhere quiet where things are calmer also helps reduce stress-levles[sic]"; "stillness and peace"
• Spirituality e.g., "tremendous spiritual energy"; "get in touch with a deeper reality" • Sunlight e.g., "natural sunlight"; "exposure to natural light"
One hundred and twenty-six respondents answered a second free-text question about the importance of CTN in comparison to other factors that may improve PWB (e.g., diet, exercise, work life, social life). Only one person felt it was unimportant and a further five felt it only played a minor role. The relative importance the remaining 122 respondents placed on CTN is represented in Figure  3 . • Time for reflection or meditation e.g., "it gives you time to clear your mind"; "there is a medatitive[sic] experience in being alone with nature"; "time to reflect" • Fresh air e.g., "breathing in fresh air makes people happier"; "better air quality" • Peace and quiet e.g., "tranquility"; "being somewhere quiet where things are calmer also helps reduce stress-levles[sic]"; "stillness and peace"
One hundred and twenty-six respondents answered a second free-text question about the importance of CTN in comparison to other factors that may improve PWB (e.g., diet, exercise, work life, social life). Only one person felt it was unimportant and a further five felt it only played a minor role. The relative importance the remaining 122 respondents placed on CTN is represented in Figure  3 . Respondents who identified as white (NR 4.1) felt more connected to nature than other ethnicities (NR 3.7). Those whose highest qualification was an undergraduate degree felt less connected now than when they were at school or college. Those that reported their primary employment status as retired or volunteer felt the most connected, overall and current students the least connected, followed by full-time employed ( Figure 5 ). People who lived in rural areas felt most connected, and those in urban areas least connected. Respondents who identified as white (NR 4.1) felt more connected to nature than other ethnicities (NR 3.7). Those whose highest qualification was an undergraduate degree felt less connected now than when they were at school or college. Those that reported their primary employment status as retired or volunteer felt the most connected, overall and current students the least connected, followed by full-time employed ( Figure 5 ). People who lived in rural areas felt most connected, and those in urban areas least connected. 
Childhood Experiences
Overall NR scores were not found to be significantly associated with frequency of outdoor play in childhood, although the small correlation between NR-Experience and outdoor play was almost significant (r = 0.13, p = 0.05). Correlation between overall NR scores and frequency of physical interaction with nature in childhood (e.g., climbing trees, digging in mud, handling insects) was small yet significant (r = 0.15, p < 0.05), and NR-Experience was the most important component in 
Overall NR scores were not found to be significantly associated with frequency of outdoor play in childhood, although the small correlation between NR-Experience and outdoor play was almost significant (r = 0.13, p = 0.05). Correlation between overall NR scores and frequency of physical interaction with nature in childhood (e.g., climbing trees, digging in mud, handling insects) was small yet significant (r = 0.15, p < 0.05), and NR-Experience was the most important component in this relationship (r = 0.16, p < 0.05). Childhood residence did not significantly correlate with overall NR scores, but did correlate with NR-Experience (r = 0.16, p < 0.05). * Correlation is significant at the 0.05 level (2-tailed).
One hundred and fifty-nine of the 222 participants answered a free-text question on the influence of childhood experiences on current thoughts or feelings about the natural world. Only 16 stated that it had little to no effect, with 121 describing specific experiences in their childhood that they believed were influencing factors. The majority of responses related to the following themes:
• Spending time outdoors e.g., "I spent a lot of time outside" • Parental influence e.g., "my parents instilled an appreciation of nature into me" • Wildlife e.g., "loads of wildlife in the back garden"; "interacted with cows and birds" • Walking or hiking e.g., "going for walks in the forest" • Rural upbringing e.g., "growing up in a rural location gave me a natural education" • Physical interaction e.g., "enjoyment included climbing trees, building dens" • Forests or trees e.g., "I was very fortunate living across from a large woodland" • Social connections e.g., "walking in the woods with an aunt and uncle"
Seventy-eight described the specific effects they believed these childhood experiences had on their adult life. The majority of responses related to the following themes:
• Desire to pass it on to the next generation e.g., "hopefully will continue in my children too" • Awareness of environmental issues e.g., "I have grown conscious of the fact that we are rapidly destroying our planet"
Nature in Everyday Life
There was strong and significant correlation between NR scores and usual frequency of nature contact, recent nature contact and frequency of nature-related hobbies (r = 0.45, p < 0.01; r = 0.37, p < 0.01; r = 0.44, p < 0.01 respectively). Of the three NR components, the relationship was strongest with NR-Experience for average and recent contact (r = 0.42; r = 0.43 respectively), and NR-Self for hobbies (r = 0.42). Usual nature visits were also significantly correlated with all measures of childhood experiences. This is detailed in Table 6 below. Figure 6 below compares mean NR scores against different types of regular nature-related hobbies. All hobbies were related to higher than average CTN. Respondents whose regular hobbies were bird-watching, wildlife-spotting, or volunteering for a nature-related charity felt most connected, whilst those that did not have any nature-related hobbies were less connected by a considerable margin. Pet ownership (childhood and current) was not found to be associated with NR scores in any way. 
Awareness of, Desire for, and Barriers to Connection to Nature

Awareness of the Concept of Connection to Nature
One hundred and fifty-six of the 222 respondents answered a free-text question which asked for an explanation of what CTN meant to them. The majority (44.3%) described CTN using just one dimension, but for more than half it was multidimensional. Thirty-four point five percent described two dimensions, 17.3% described three dimensions and 2.9% described four dimensions. Only six definitions included negative opinions (e.g., "hippie rubbish"; "a slightly irritating term"). Responses most frequently related to human interconnectedness with nature (22.8%), positive thoughts or feelings about nature (21.4%), and enjoyment of physical experiences of nature (20.0%).
The main themes which emerged related to:
• A nature-related worldview-i.e., an understanding or awareness of; o human interconnectedness with nature (e.g., "the awareness that we are part of nature") o human impacts on nature (e.g., "understanding that [...] our actions can have a negative impact")
• The importance of nature to humans (e.g., "to understand that we as human beings cannot do ___ Overall mean NR Figure 6 . Nature-related hobbies and Nature Relatedness.
Awareness of, Desire for, and Barriers to Connection to Nature
Awareness of the Concept of Connection to Nature
• A nature-related worldview-i.e., an understanding or awareness of; human interconnectedness with nature (e.g., "the awareness that we are part of nature") human impacts on nature (e.g., "understanding that [...] our actions can have a negative impact")
• The importance of nature to humans (e.g., "to understand that we as human beings cannot do without nature") • Nature-related identity (e.g., "whether it is part of your being or separate from you and your life") Seeing nature as a source of well-being (e.g., "understanding how nature can affect your wellbeing and how you act upon that") • General interest in, or appreciation of nature (e.g., "appreciation and observance of nature")
One hundred and forty-one respondents claimed they had thought about the idea of CTN before undertaking the survey, 26.5% claimed they had thought about their own personal CTN, 13.6% claimed CTN was "just part of my life" or "I have always felt this way" and 12.9% had considered it in the context of concern about human impacts on the environment. Nine point eight percent had encountered it in an academic context, a further 4.5% had personally researched it, and 4.5% had encountered it through their work.
Awareness of Personal CTN
After providing their own descriptions of CTN, participants were provided with a definition adapted from Nature Relatedness Research [38] and Nisbet, Zelenski and Murphy [16] . All 222 participants were then asked how connected to nature they thought they were based on this definition using a five-point Likert scale. Forty-five percent of participants' scores matched their rounded NR scores exactly, 32.9% of scores differed by a small amount (0.26 to 0.5) and only 6.3% differed by more than 1. Almost the same number overestimated as underestimated. This indicates the NR metric is a meaningful representation of individuals subjective connection to nature.
Barriers to Connection to Nature
One hundred and eighty-eight of the 222 participants stated they wished they could spend more time connecting with nature. For the vast majority (84%) lack of time was one of the primary barriers ( Figure 7) . The 34 participants who stated they did not want to spend more time connecting with nature had much lower NR scores (m = 3.77) than average (m = 4.04), but higher PWB, with the exception of feeling worthwhile (n = 34, m = 7.06; n = 222, m = 7.14). Of this 34, more than half (56.4%) claimed they were content with the amount of time they spend connecting with nature, with other frequent reasons including "I prefer to spend my time doing other things" and "I just don't see the need to connect with nature". 
Discussion
The Relationship between Individual's Self-Reported Connection to Nature and Personal Well-Being
Correlation analysis revealed a limited relationship between CTN and PWB. NR scores were significantly correlated with the eudemonic indicator of 'feeling that the things you do in life are worthwhile', but not with hedonic indicators (life satisfaction, happiness, and anxiety). NR-self (reflecting internalized thoughts and feelings relating to one's personal relationship with nature) [16] was found to be the key component in the association between CTN and feeling worthwhile. Potential reasons for this will be explored in relation to qualitative responses below. With regards to hedonic well-being, lack of correlation may be explained by Capaldi, Dopko and Zelenski [26] , who previously hypothesized that there may not be a measurable relationship with CTN, due to the fact that CTN is strongly linked to ecological concern, which can cause feelings of distress, guilt, anger, or fear. They claim it is possible that these negative processes cancel out any positive effects of CTN.
To the authors' knowledge, the Office for National Statistics' [24] indicators of PWB have not been examined in relation to CTN before, therefore, comparing this study with past research on the topic is problematic. Nonetheless, Tam [17] found strong convergence validity across existing measures and suggests CTN and PWB be considered as broad, latent constructs. The results of this study are similar to those of Cervinka, Roderer and Hefler [13] who found significant correlation between CTN and eudemonic meaningfulness (of which feeling worthwhile is a factor) but not with hedonic measures of PWB. Conversely, the present study was not able to replicate other research findings that demonstrate clear links between CTN and hedonic dimensions of PWB such as life satisfaction or positive moods (e.g., [12, 15] ). Capaldi, Dopko and Zelenski [26] previously exposed significant variation in the associations between CTN and PWB across these studies, with correlation coefficients ranging from −0.01 to 0.42. 
Discussion
The Relationship between Individual's Self-Reported Connection to Nature and Personal Well-Being
To the authors' knowledge, the Office for National Statistics' [24] indicators of PWB have not been examined in relation to CTN before, therefore, comparing this study with past research on the topic is problematic. Nonetheless, Tam [17] found strong convergence validity across existing measures and suggests CTN and PWB be considered as broad, latent constructs. The results of this study are similar to those of Cervinka, Roderer and Hefler [13] who found significant correlation between CTN and eudemonic meaningfulness (of which feeling worthwhile is a factor) but not with hedonic measures of PWB. Conversely, the present study was not able to replicate other research findings that demonstrate clear links between CTN and hedonic dimensions of PWB such as life satisfaction or positive moods (e.g., [12, 15] ). Capaldi, Dopko and Zelenski [26] previously exposed significant variation in the associations between CTN and PWB across these studies, with correlation coefficients ranging from −0.01 to 0.42.
From this study alone, it would seem there is a link between feeling a sense of oneness with nature and feeling worthwhile, but not between overall CTN and hedonic aspects of PWB such as life satisfaction and happiness. However, it is difficult to draw any firm conclusions given such inconsistencies in the past research. Although the sample size of this study was comparable to, or greater than, those of previous studies on the topic (e.g., [12, 14, 15] ), the quantitative results are similarly weak due to the non-representative sample. Statistical significance for example, is best considered as a measure of the relative strength of a relationship. Further, the nature of self-reporting brings up potential bias issues that were discussed in Section 2.5.
Sample diversity may account for much of the variance. Only this study and that conducted by Cervinka, Roderer and Hefler [13] were conducted in Europe. These report many common associations which are not found in work undertaken in other parts of the world. Sample bias may also have affected correlations in this study, as participants had much lower PWB than the UK national averages [39] and particularly high levels of anxiety. Furthermore, average NR scores in this study were high (m = 4.04 out of 5), especially for NR-Perspective (reflecting an external nature-related worldview and understanding of human impacts on nature) [16] . This may be indicative of the mostly female and well-educated sample, which tend to have stronger environmental concern [40, 41] . The fact that CTN is known to be strongly correlated with PEABs supports this [12, 16, 17] .
Personal Well-Being and Nature Contact
Nature contact was compared with PWB in order to demonstrate whether the relationship between CTN and PWB was distinct or related to differences in nature contact resulting from CTN. Frequency of nature contact was found to be significantly associated with feeling worthwhile, and additionally with feeling happy. Engaging in regular nature-related hobbies was associated with even greater feelings of worth and happiness than nature contact alone. This could be attributable to the additional benefits that hobbies bring, such as social connections, exercise, skill-building and recognition of achievements, for example. Correlation between NR-Self and feeling worthwhile was slightly stronger and more significant than correlations between frequency of nature contact (or hobbies) and feeling worthwhile, suggesting that feeling connected to nature might have implications for PWB above and beyond that of contact only. Recent nature contact was not found to be associated with PWB, reflecting the fact that PWB is not designed to measure momentary moods, and only sustained experiences should cause measurable changes [22] .
Qualitative Data
All 158 respondents who answered a free-text question on the relationship between CTN and PWB detailed at least one positive link, however there is no way of knowing if the 64 participants who skipped the question felt that there was no link, a negative link, or they did not know whether the two concepts were linked or not. It appeared that many participants either confused or conflated connection and contact, as many discussed activities or mechanisms such as walking in nature, fresh air, and sunlight, though it is plausible that they followed a thought process along the lines of feeling more connected to nature would make one more likely to spend time in nature. A very small number of participants freely stated that CTN is linked to a sense of purpose or worth, matching the correlation found, although most discussed more short-term benefits of nature contact such as relaxation, stress relief, and soothing or calming effects. Interestingly, several participants described reductions in anxiety relating to increased CTN (which was not supported by correlation analysis), but as anxiety can be both a temporary state as well as a lasting trait, they may have been referring to the former, whilst this study considered the latter.
Six themes were identified that described mechanisms by which CTN might affect PWB (escape from modern life; time for reflection or meditation; fresh air; peace and quiet; spirituality; and sunlight). Although some were explicitly related to nature contact, others were not, and some could give insight into how NR-Self potentially increases purpose in life, or feeling worthwhile (i.e., through spirituality, reflection and meditation on one's personal relationship with the natural world). These themes could form the basis of future exploration into how CTN links to eudemonic well-being.
One hundred and twenty respondents felt CTN was an important contributor to PWB and the majority of these described it as very, immensely, or crucially important, with some even claiming it to be the most important factor (in comparison to diet, exercise, social life and work life etc.). Participants' confidence in the importance of CTN seems to contradict quantitative findings; however, several respondents stated that the importance of CTN varies according to the individual. If individual variation in the relationship between CTN and PWB is great, it may account for the low (or absent) correlation overall, that is the effect of CTN on PWB could be very strong for some people but non-existent (or even a negative relationship) for others.
In summary, perhaps there is a relationship between CTN and PWB but it is focused on eudemonic representations of well-being, and the intricacies of the relationship vary according to each individual. A much larger, more diverse sample would be required to reduce the effects of individual variance and provide clearer understanding.
Variables Influencing Trait-Level CTN over the Life Course?
Demographic variables, childhood experiences, frequency of nature contact, and nature-related hobbies were all found to be potential influences on trait-level CTN over the lifespan. Pet ownership was not found to be associated with CTN. This is explored in detail below.
Demographics
It was found that all demographic variables had an impact on mean NR scores. This is in clear contrast to some of the previous findings [12, 32] , however they used CNS as a measure, rather than the NR scale. As NR encompasses more dimensions of CTN, there is potentially more scope for variation. There were significant differences in means when comparing different genders, age brackets, ethnicities and employment statuses. There was less variation with education level and area of residence, but still clear differences.
Females felt, on average, more connected to nature, supporting the previous theory that female tendency for greater ecological concern relates to NR scores. People who are retired or volunteers felt much more connected than students or full-time employed. This could be related to having additional time to reflect on and cultivate connection, as students and full-time employed were presumably the most time-poor. Age could also be a factor here, although those in the eldest age brackets were not as connected (on average) as those aged 55-64, so it does not correspond with typical retirement age. Area of residence related to CTN in the way one might expect, with urban dwellers feeling least connected, rural dwellers most connected, and suburban in the middle. With more time and resources, this variation could have been explored further by comparing the individual NR components against demographic variables, obtaining a more diverse sample, and perhaps collecting qualitative responses on the topic.
Childhood Experiences
Frequency of outdoor play in childhood was not found to be significantly linked to adult CTN, however, physically interacting with nature (e.g., climbing trees, digging in mud) was. NR-Experience was the most important component in the relationship between childhood experience and adult CTN, suggesting that positive nature experiences in childhood create increased desire for nature experiences as an adult, but do not necessarily provide a nature-related worldview or an internal sense of 'oneness' with nature (as these aspects were not found to be significantly correlated). This hypothesis is supported by the research of Ward Thompson, Aspinall and Montarzino [8] who found that the frequency of childhood visits to nature was a partial predictor of later adult visits. Further, qualitative responses explicitly reinforced this idea, with common themes including 'spending time outdoors' in childhood and 'increased desire for nature experiences' in adulthood.
The identified themes could help to inform and develop existing campaigns such as The Wild Network's [20] 'rewilding childhood'. The most frequently mentioned childhood themes were 'spending time outdoors' and 'parental influence' however, these may demonstrate response bias, as a result of context effects from the phrasing of an earlier question that asked "Did your parent(s) or legal guardian(s) encourage you to play outside?". The other themes of 'seeing or interacting with wildlife'; 'walking or hiking'; 'rural upbringing'; 'physical contact with the environment (touch)'; 'forests or trees'; and 'social connections' could all potentially be incorporated into a campaign, with the exception of providing a rural upbringing. Responses could be analyzed in more depth to determine precisely which aspects of a rural upbringing were important, or why they were important, and whether that could be provided in another way. Of the adulthood themes it is interesting that several participants mentioned a desire to pass on their experiences to the next generation. It demonstrates the potential importance of childhood experiences in creating a cycle that is perpetuated.
Nature in Everyday Life
As expected, a strong and very significant relationship was observed between usual frequency of nature contact and CTN, as found in previous research [16, 17] . This relationship is the most difficult to speculate on the causation. Does frequent nature contact cause increased CTN? Does high CTN cause increased nature contact? Do they equally affect the other, or does a third variable (or multiple variables) lead to increases in both? The fact that recent nature contact was also correlated with CTN suggests that CTN may cause contact, considering that NR scores are thought to measure a trait-like construct; however, it could be that NR scores actually picked up on state-level variance in CTN, caused by recent nature contact.
Of the three components, NR-Experience was the most correlated with nature contact, which makes perfect sense. Yet surprisingly, NR-Self was the most correlated with regular nature-related hobbies, which may reflect the aforementioned relationship that both variables have with feeling the things you do in life are worthwhile. Engaging in nature-related hobbies is obviously different to simply sitting in the garden, for example. The hobbies most associated with higher CTN were bird-watching, wildlife spotting, or volunteering for an environmental charity. Participants that did not engage in any regular nature-related hobbies had very low levels of CTN compared to the average. Again, it is difficult to ascertain causation, but future research could devise long-term intervention activities relating to bird-watching, wildlife spotting or volunteering, in order to test whether they lead to increases in CTN over time, particularly for those with no current nature-related hobbies.
Though all listed hobbies were associated with above-average CTN, cycling, walking, or running in nature were the least associated, presumably as they involve less direct contact with the natural world, or they appeal to people for other reasons. Running was the least associated of these, doubtless as it is typically focused on fitness, whereas some people engage in cycling and walking solely for pleasure, with no fitness objective. It is noted that when asking about hobbies, 'regular' was not defined, and will certainly mean different things to different people. Future studies should define 'regular', such as 'more than once a month', for example.
Pet Ownership
Unlike in the study by Nisbet, Zelenski and Murphy [16] , neither childhood nor present pet ownership was found to be associated with CTN, even when accounting for desire for a pet. This is surprising not only as it conflicts with previous findings, but for the reason that animals were a common theme throughout other areas of this research. For example, participants described the importance of seeing or interacting with wildlife in childhood, and how childhood experiences encouraged a love of animals in adulthood. Also, those that regularly engaged in bird-watching or wildlife spotting had the highest NR scores on average. Most respondents were able to provide a definition of CTN, prior to one being presented to them. However, participant definitions could already have been influenced by terms used in the NR Scale which came earlier in the survey. The large number of themes under which participants described CTN may reflect the fact that there is no singular definition of CTN available in the literature [17] . Most respondents could (or opted to) only describe one or two dimensions of CTN, despite NR being comprised of at least three components (NR-Self, NR-Perspective and NR-Experience) and the NR items mentioning other types of connection, such as spiritual connection. It may seem surprising that well-being was included in several definitions (e.g., "understanding how nature can affect your well-being and how you act upon that"), although this is likely explained by context effects from the four PWB indicators that came earlier in the survey, or the fact that the words 'personal well-being' actually appeared in the survey subtitle. Many respondents understood CTN to be about 'human interconnectedness with nature' or 'positive thoughts or feelings about nature' and these themes were referenced more frequently than 'enjoyment of physical experiences of nature'. This suggests that participants did understand there is a difference between connection and contact with nature.
One hundred and forty-one of 222 participants claimed to have considered CTN prior to undertaking the survey, though mostly through personal thoughts about the concept. This is a high number and gives the impression that awareness of CTN is widespread. However, as this was a non-random, non-representative sample, the fact that the majority of participants had encountered CTN (and some in an academic or work context) might reveal sample bias, in that those with greater awareness, prior interest, or strong opinions on the topic were more likely to respond to the survey request. Unfortunately, it is difficult to draw conclusions from these particular results, for that reason.
Participants were very accurate in blindly matching a single-item, self-report question asking "how connected to nature do you think you are?" with their calculated NR scores. Forty-five percent were an exact match, and the majority were close.
One hundred and eighty-eight of 222 participants claimed they wanted to be more connected to nature. When asked about the barriers to connection, 84% claimed lack of time was an important factor, which links to earlier results that showed students and people in full-time employment felt the least connected, presumably as they have the least free time. Lack of money was the second most popular reason given, so future CTN interventions could focus around brief and cheap (or free) ways to connect with the natural world. The temptation of indoor activities was also often cited as a reason, supporting past theories, (e.g., [42, 43] ). Thirty-four of 222 participants claimed they did not want to be more connected to nature. On average, these 34 participants had much lower NR scores, and scored lower for 'feeling worthwhile' (consistent with correlation analysis). This suggests a small percentage of people who misjudge the effects of being connected to nature. By their own admission, they 'prefer to spend their time doing other things' and 'just don't see the need to connect with nature'. This group scored higher on the other three PWB indicators though, so perhaps any eudemonic benefits of CTN were less important, as they had a greater sense of overall well-being.
Conclusions
This study explored individual's self-reported CTN at a trait-level, considering the relationship with PWB, variables that might influence CTN over the life course, and participants' awareness of, and desire for CTN. This is an important topic, given the growing concern about the spread of indoor, sedentary lifestyles, which are resulting in an increasing number of people who are physically and psychologically disconnected from the natural world.
This study revealed a significant relationship between CTN and eudemonic PWB and that this relationship may be partly distinct from that of physical nature experiences and PWB. CTN was not found to link with hedonic aspects of PWB. This is inconsistent with some of the past research on the topic (mostly focused in North America) and further study of the effects of CTN on PWB in the UK is recommended, particularly as the results of this study cannot be generalized due to the nature of the sample. Although CTN was not found to correlate with all measures of PWB, any impact on eudemonic well-being is important, as research has shown that hedonia and eudemonia not only influence each other but are both important for the greatest overall well-being [44] .
Demographic variables, childhood experiences of nature, usual frequency of nature contact, and nature-related hobbies were all found to affect NR scores, therefore interventions targeted at relevant demographics, with an aim to alter childhood experiences, nature contact, or hobbies could prove worthwhile. Although causation could not be determined, the study found various themes which could be further explored. Most participants had some understanding of CTN and a desire to be connected. Barriers were identified which could further aid intervention research.
Lastly, some unexpected and unintended results emerged from the pilot study, before the data above was analyzed. A frequent theme emerged from the 'feedback' question of the pilot study, in that reflecting on the topic of CTN was enjoyable and enlightening, and helped participants reflect on their own relationship with nature and how it might affect their well-being, with some stating that they had never done so before (e.g., "I didn't realize what effect nature has on my life currently"; "until this survey I hadn't thought about [nature's] therapeutic effect on my life"; "the questions made me think in a way I may not have in the past"; "it highlighted to me how much I enjoy nature. I hadn't stopped to think about it before").
Future Research
This study was based on a non-random sample which was not necessarily representative, and of a particular location, the UK City of Bath. It nevertheless identifies and explores a number of useful insights into the complex relationships which exist between individual's subjective connection to nature (CTN) and aspects of their personal well-being (PWB) and environmental awareness, and therefore can be used to inform future research. For example, it is clear that there is some kind of relationship between CTN and PWB, but future research should explore the reasons for inconsistencies in the current data, and consider which factors alter the relationship between individual CTN and PWB. As the data in this study was not normally distributed, partial correlations (taking each variable into account) were not possible, and this could provide future areas of research. For example, does nature contact mediate the relationship between CTN and PWB?
As this study and one other conducted in Europe [13] produced similar findings in terms of links between CTN and eudemonic well-being (but not hedonic well-being), there may be a cultural or geographic component to this. Future research in the UK could explore more indicators of eudemonia, such as self-acceptance, mastery, positive relations, personal growth and autonomy [45] to see if the relationship is consistent.
We have limited knowledge about whether, and how, trait-level CTN alters over someone's life course. Though detailed analysis would likely involve a difficult and costly longitudinal study, there is scope for further consideration of demographic factors, childhood experiences, and nature contact within all studies of CTN. Though evidence shows a promising link between nature contact and CTN, the direction of causality is unknown, and there has been little exploration of which specific types of nature contact are most associated with CTN. Furthermore, only 5.9% of previous studies on CTN were conducted in the UK [21] . As culture and geography could conceivably affect CTN, increasing the size of the UK research pool could well be important.
None of the aforementioned studies provide a precise definition of nature itself and operationalizing the notion of nature and delineating between nature and non-nature is very difficult. There are few studies which have considered which specific aspects of nature people feel most connected to and which are associated to wellbeing. The operationalization of nature therefore remains a key gap in our understanding; both of the links between aspects of nature (as opposed to aspects of connection to nature) and wellbeing and of the challenges of cultural sustainability transformations.
